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INTRODUCTION

The requirement for an open circuit SCUBA regulator with the ability to perform
within the Performance Goal Standard’ to a depth of 60 msw (198 fsw) has evolved
from changes in diver mission profiles and concern for diver safety in the FLEET DIVER
community.

To achieve this end, NEDU was tasked? to test and evaluate production models
of commercially available open circuit SCUBA regulators to determine which ones
meet the US Navy's demanding performance criteria.

PERFORMANCE INC., Chapel Hill, N.C., provided two candidate models for
evaluation, the PDXL 700 and the PDXL 1000.

UNMANNED EVALUATION
METHODS

Unmanned evaluations of the two candidate regulator models measured Work of
Breathing (WOB) levels and compared them to Performance Goal Standards’, which
represent ideal performance levels for open circuit SCUBA regulators. WOB levels are
a computer derived estimate of total respiratory effort obtained when breathing a
regulator with a mechanical breathing simulator, with units of joules per liter (J/L).
Five different regulators were tested for each model. WOB averages represented the
mean of the five test results.

The performance goal® of 1.37 J/L at 40 msw (132 fsw) with a respiratory
minute ventilation (RMV) of 62.5 liters per minute (L/min) and first stage supply
pressure of 10.34 MPa (1500 psi) was extended to include 50 and 60 msw (165 and
198 fsw).

Testing was also conducted at the deeper depths, at high ventilatory rates, and
reduced first stage supply pressure to characterize the performance of the regulators
beyond the current performance standards. These extended tests were not part of the
acceptance criteria.

A hierarchical series of standardized testing® was conducted on each candidate
regulator. Dry bench testing was first conducted to determine if the candidate
regulators met the manufacturer's specifications for air delivery. Inhalation pressures
were recorded at 141 SLM = 1 SLM (5 SCFM) increments from O to 849 SLM ( O to
30 SCFM) of flow. A mean of the inhalation pressure (+ 1 standard deviation) was
derived from five test regulators per candidate model. Bench testing was terminated
if cracking pressure varied from manufacturer's specifications by + 0.13 kPa (0.50
inches of water).




A mechanical breathing simulator (Reimers Consultants, Falls Church, VA)
provided sinusoidal breathing loops with RMV's ranging from 40 to 90 L/min, thus
emulating varied diver work rates. Supply pressure to the first stage was maintained
at 10.34 MPa (1500 psi) for the downward excursion, then reduced to 3.44 MPa (500
psi) to simulate worst case, for the upward excursion. Work of Breathing loops were
taken at 10 msw (33 fsw) increments in both conditions. Test depths ranged from
0 to 60 msw (0O to 198 fsw). Water temperature was maintained at ambient,
approximately 21°C (70°F).

Testing at a specific RMV/depth parameter was terminated if inhalation or
exhalation pressure exceeded 4 kPa, the working limits of the pressure transducers
currently used in the Experimental Diving Facility. Additionally, if two regulators of
one model exceeded 4 kPa within the Performance Goal Standard RMV/depth
parameter, testing of that model was terminated.

Descriptive statistics were used to obtain the mean and standard deviation of the
data. To determine acceptability of WOB values that were slightly higher than
Performance Goal Standard, a one sample T-test with significance established at P <
0.05 was performed.

RESULTS

Dry bench testing of candidate regulators revealed that the PDXL 700 delivered
an average of 707 SLM (25 SCFM) at a high average inhalation pressure of 1.10 kPa
(4.3 inches of water). Additionally, only one of the candidate regulators of this model
was capable of delivering 849 SLM (30 SCFM). The PDXL 1000 was capable of
delivering an average of 707 SLM (25 SCFM) at an average inhalation pressure of
1.02 kPa (4 inches of water). Additionally, only two of this model's candidate
regulators was capable of delivering 849 SLM (30 SCFM). Flow characteristics for
the PDXL 700 are shown in Figure 1. Figure 2 shows the flow characteristics for the
PDXL 1000.

WOB values for the PDXL 700 at 10.34 MPa (1500 psi) supply pressure are
summarized in Table 1 and Figure 3. At 40 RMV, WOB values exceed Performance
Goal Standard at 10 msw (33 fsw), and continue to increase with each incremental
increase in test depth, to a maximum attainable test depth of 40 msw (132 fsw). At
62.5 and 75 RMV, WOB values are beyond Performance Goal Standard at O msw, and
increase markedly to maximum attainable test depths of 30 and 20 msw (99 and 66
fsw) respectively. WOB values were unattainable at the extreme ventilatory rate of
90 L/min. Due to the extremely high WOB values attained with two candidate
regulators at the 10.34 MPa (1500 psi) supply pressure, any further testing of this
model was terminated.




Table 2 and Figure 4 summarizes WOB values for the PDXL 1000 at 10.34 MPa
(1500 psi) supply pressure. Performance Goal Standard was exceeded at 40 RMV and
above from O to 60 msw (0 to 198 fsw). At 62.5 RMV, termination criteria was met
at 30 msw (99 fsw). For the higher ventilatory rates of 75 and 90 L/min, termination
criteria was met at 20 msw (66 fsw). Due to the extremely high WOB values attained
with two candidate regulators at the 10.34 MPa {1500 psi) supply pressure, any
further testing of this model was terminated.

MANNED EVALUATION

Due to the extremely poor performance evidenced during the unmanned testing
phase, no manned testing was conducted for either candidate model regulator.

CONCLUSIONS/RECOMMENDATIONS

It is important to note that the establishment of performance criteria to 60 msw
(198 fsw) is solely a Navy requirement and is not an endorsement by NEDU that
casual/standard SCUBA dives be conducted to such depths with these regulators.
Additionally, performance goals are not acceptance criteria for diving equipment
approval and diving equipment that exceed these goals are not necessarily unsafe for
diver use.

Work of Breathing results obtained from the PDXL 700 clearly identify this as a
sub-standard performing regulator, not capable of meeting Performance Goal Standard
at any depth or ventilatory rate. Based on the results obtained during unmanned
evaluations of the PDXL 700, NEDU recommends that this regulator be excluded from
the ANU list.

Work of Breathing results obtained from the PDXL 1000 show that this regulator
also is not capable of meeting the performance criteria of the US Navy. Based on the
results obtained during the unmanned evaluations of the PDXL 1000, NEDU
recommends that this regulator be excluded from the ANU List.
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TABLE 1

PDXL 700 OPEN CIRCUIT SCUBA
REGULATOR WOB RESULTS
MEAN + 1 STANDARD DEVIATION
EXPRESSED IN JOULES PER LITER (J/L)

10.34 MPa (1500 PS!) SUPPLY PRESSURE

DEPTH IN RESPIRATORY MINUTE VOLUME
METERS 40 62.5 75 90
0 | 128+0.14 172 £ 019 | 1.98 £ 0.21 #
10 166 £ 0.23 | .28 + 027 | 281 + 0.26 #
20 | 190+020 | 303020 | 3.96+ 027 #
30 219 + 023 | 3.93 + 0.31 # #
40 2.51 + 0.23 # # #
50 # # # #
60 # # # #

# Denotes WOB value beyond termination criteria




TABLE 2

PDXL 1000 OPEN CIRCUIT SCUBA

REGULATOR WOB RESULTS

MEAN + 1 STANDARD DEVIATION
EXPRESSED IN JOULES PER LITER (J/L)

10.34 MPa (1500 PS!) SUPPLY PRESSURE

DEPTH IN RESPIRATORY MINUTE VOLUME
METERS 40 62.5 75 90
,,,,, 0 142£008 | 190 +007 | 218+010 | 257 +0.05
10 | 1964014 | 268+007 | 324%011 | 3.93 %010
20 | 219014 | 3354007 | 420021 o #
30 251 + 0.14 414 + 0.24 # #
40 2.81 + 0.19 # # #
50 3.12 + 0.14 4 # #
60 3.48 + 0.21 # # #

# Denotes WOB value beyond termination criteria




INHALATION PRESSURE (kPa)

1.4
1.2
1.0
0.8
0s-
0.4

0.2

0.0

Figure 1.

141 283 424 566 707 849
FLOW RATE (SLM)

PDXL 700 Flow Characteristics




INHALATION PRESSURE (kPa)

1.4 7
1.2:
101
0.8 1
0.6
0.4

0.2

0.0 \
0

Figure 2.

141 283 424 566 707 849
FLOW RATE (SLM)

PDXL 1000 Flow Characteristics




WORK OF BREATHING (J/L)

4.007
3.751
3.50 1
3.251
3.001
2.75"
2.50 1
2.251
2.00 7
1.757
1.50 7

—{F— 40 RMV

—4N— 62.5RMV
—#— 75RMV

PERFORMANCE GOAL
STANDARD

1.25 1
1.00 7
0.751
0.501
0.251

0.00

1} L) T 1 L) 1

0 i0 20 30 4|0 50 60
DEPTH IN METERS

Figure 3. PDXL 700, 10.34 MPa
(1500 psi) Supply Pressure



WORK OF BREATHING (J/L)

4.00 1
3.757
3.50
3.25 7
3.00
2.757
2.50
2.257
2.00 7
1.75 7

1.507

40 RMV
—&— 62.5RMV
—&— 75RMV

PERFORMANCE GOAL O— 90RMV

STANDARD

1.25 7
1.00
0.751
0.50 A
0.251

0.00

1 | I | 1 1

0 10 20 30 42) 50 60
DEPTH IN METERS

Figure 4. PDXL 1000, 10.34 MPa
(1500 psi) Supply Pressure

10




